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A B S T R A C T
Comparative reports on the anthropometric characteristics of athletes are certainly important in modern sports and
have long been studied by sports scientists. Studies on Turkish athletes however, are limited. In the present study physi-
cal characteristics of athletes active in various sports (American football, basketball, volleyball and football) were ob-
served and compared to each other and to those of non-athlete individuals. 153 volunteer male subjects participated in
the study. All of the athletes were licensed members of teams in inter-university leagues. All subjects were given informa-
tion about the objectives of the study and were advised of the manner with which the anthropometric measurements
would be obtained. In addition to 17 anthropometric values, body mass index (BMI) and somatotype components were
calculated and evaluated. Length, breadth, and girth values were evaluated by ANCOVA and height and weight were
used as co-variate factors. The other variables were evaluated by metric and non-metric ANOVA. The results of the study
indicate that basketball and volleyball players were characteristic with their longer lower limb length; American football
players were with their wider biiliac breadth and higher girth values; and football players with their small structure. It
was also observed that Turkish athletes have higher endomorphy and lower mesomorphy values when compared to ath-
letes from other countries.
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Introduction
Detailed information about anthropometric charac-
teristics of athletes is certainly important in modern
sports, and they have long been studied by sports scien-
tists. It is a well known fact that most of the anthro-
pometric characteristics are almost exclusively geneti-
cally determined. Length and breadth measurements are
especially difficult to influence with training1. Morpho-
logical structure however, has a direct influence on an
athlete’s performance and is primarily important for
planning an effective training program. Besides the rela-
tionship with physical performance, anthropometric sta-
tus is also important for sports trainers in order to direct
young athletes into the sports they are best suited to at
the beginning of their careers in sports. It is also known
that differences in anthropometric characteristics exist
even across some playing positions in some sports2. Stu-
dies on the physical characteristics of the human body
to-date indicate that the morphological characteristics of
athletes successful in a specific sport differ in somatic
characteristics from the general population. Basketball
and volleyball players are typically tall while badminton
players are shorter3. Since the previously mentioned two
games require handling the ball above the head, having a
tall stature is an advantage in these sports4,5. Higher
body mass however, is a hurdle for volleyball players in
attaining good jumping6. In a rugby team on the other
hand, bigger and heavier athletes have an advantage in
gaining possession of the ball, while players with a lower
body mass are more successful in sprints7. For swimmers
upper extremity length is an advantage in attaining
higher performance8. Athletes who are specialized in
throwing events are typically taller, heavier, and have a
more muscular structure9. In a study on Javelin throw-
ers it was reported that athletes were mesomorphic with
increased body mass and height and had pronounced
transversal measures such as biacromial width, as well
as joint diameters, particularly of the elbow and knee10,11.
A statistically significant correlation between the anthro-
pometric characteristics of athletes and their competitive
results however, does not always exist12; and a specific
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anthropometric characteristic is not always necessary for
a certain sport13.
A way of determining the morphological characteris-
tic is somatotyping in which body shape rather than size
is expressed3. Somatotyping has three classifications:
endomorphy, mesomorphy, and ectomorphy. Endomor-
phy represents body fat proportion, mesomorphy, mu-
sculoskeletal development, and ectomorphy represents
linearity14.
Several studies on the anthropometric characteristics
or somatotypes of athletes in western countries have
been reported in the literature, however similar studies
in Middle Eastern countries are limited. In the present
study physical characteristics of Turkish athletes, active
in various sports were determined and compared to each
other and to those of non-athlete individuals.
Material and Methods
Subjects
153 volunteer male subjects participated to the study.
All subjects were given information about the objectives
of the study and the manner with which the anthro-
pometric measurements would be obtained. Of these 153
subjects 27 were American football players, 26 played
volleyball, 31 were basketball players, 34 were football
players, and 35 were non-athlete individuals. All of the
athletes were licensed members of teams in inter-univer-
sity leagues. The non-athlete subjects were students of
medicine and dentistry at Baskent University. All were
sedentary students who were not active in any type of
sport. The mean age and playing experience of the groups
are illustrated in Table 1. There were no statistically sig-
nificant differences between the mean ages of the ath-
letes and the mean ages of the non-athlete subjects.
Playing experience of the athletes (with the exception of
the American football players) averaged 7–8 years. Since
the American football league is a relatively new one in
Turkey, the mean playing experience of the American
football players was lower than that of the other athletes.
Anthropometric measurements
In addition to stature and body weight the following
17 anthropometric measurements were taken from each
subject’s arm length, forearm length, femur length, tibia
length, sitting height, iliospinal height, biacromial bre-
adth, biiliac breadth, humerus breadth, femur breadth,
arm girth, calf girth, biceps, triceps, sub-scapular and
suprailiac skinfold thicknesses. A Holtain caliper was
used to measure skinfolds, and a Martin type anthropo-
metry set was used to obtain the other measurements.
All of the measurements were taken by the same re-
searcher to the nearest 0.1 cm at the same time of the
day. In addition to absolute anthropometric values, body
mass index (BMI) and somatotype component values
were calculated and evaluated. Somatotype components
of the subjects were calculated according to the Heath –
Carter method14, using the following equations.
Endomorphy=0.7182+0.1415(X)–0.00068(X2)+
0.0000014(X3)
X=triceps+sub-scapular 4 supraspinale skinfolds
Mesomorphy=[(0.858* humerus breadth)
+(0.601* femur breadth)
+(0.188* corrected arm girth)
+(0.161* corrected calf girth)]
(height* 0.131) + 4.50
Ectomorphy=HWR* 0.732–28.58 (if HWR40.75)
=HWR* 0.463–17.63
(if 40.75>HWR>38.25)
=0.1 (if HWR  38.25)
HWR=height (m)/3weight)
Statistical analysis
In order to evaluate the intra-observer differences, re-
peated measurements were taken from 15 randomly sele-
cted subjects. Intra-class correlation coefficients were
evaluated by reliability analysis. There was high reliability
in all measurements (all rs=0.80 to 0.98, all ps<0.001).
The differences in body height, weight, BMI, and
somatotype components between the groups were tested
by one way analysis of variance (ANOVA); and multiple
comparisons between pairs of groups were carried out ac-
cording to the Duncan test. Length, breadth and girth
measurements were compared by one way analysis of
covariance (ANCOVA); and multiple comparisons be-
tween pairs of groups were carried out according to the
Sidak test. In this analysis, weight and height were con-
trolled as co-variates. Since ratios and skinfold thickness
were not normally distributed for these variables, groups
were compared by Kruskal-Wallis one-way analysis of
variance by ranks test; and then multiple comparisons
between pairs of groups were carried out according to the
Dunn test. Statistical analysis was performed using the
SPSS 13.0 for Windows (Statistical Package for the So-
cial Sciences, version 13.0, SSPS Inc, Chicago, IL, USA).
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TABLE 1
AVERAGE AGE AND PLAYING EXPERIENCE OF THE STUDY GROUPS
American Football Volleyball Basketball Football Students
Age (years) 21.9±2.5 22.4±2.1 21.2±2.2 22.6±2.0 21.4±2.0
Playing experience (years) 3.8±2.0 7.8±3.2 8.1±2.3 7.6±2.7 0.0
Results
Table 2 shows the descriptive statistics for stature,
body weight and BMI. No statistically significant differ-
ence was observed between the football players and the
non-athlete students in relation to stature. Similarly vol-
leyball and basketball players showed no significant dif-
ference; however mean statures for the above mentioned
two groups were statistically different from each other
(p<0.01). Mean body height of American football players
was significantly lower than those of basketball and volley-
ball players, but higher than football players (p<0.01).
The basketball players had the highest mean for stature,
and this was followed by volleyball and American football
players. Body weight was significantly different in the in-
dividuals in different groups (p<0.05). American football
players had the highest body weight, and they were fol-
lowed by basketball, volleyball and football players and
the non-athlete group respectively. When BMI was evalu-
ated, no statistically significant difference was observed
among the groups except American football players. The
highest mean for BMI belongs to American football play-
ers (p<0.05).
In Table 3 descriptive statistics for length measure-
ment values are depicted. Both arm and forearm lengths
were observed to be relatively longer for basketball and
volleyball players. When body height was controlled as
co-variate this difference between basketball and volley-
ball players, and the other groups was decreased. For
American football players arm and forearm lengths were
longer when height was controlled, but this difference
was only significant between American football and foot-
ball players for arm length. On the other hand football
players and sedentary students have shorter forearm
lengths when height was controlled. No significant dif-
ference was observed between American football, basket-
ball, and volleyball groups. When absolute values were
evaluated volleyball and basketball players were obser-
ved to have longer femur, tibia and iliospinal lengths as
expected. When stature was controlled however, no sta-
tistically significant difference was observed between the
groups for tibia length. On the other hand femur and
iliospinale lengths were significantly longer for volleyball
and basketball players. When sitting height was evalu-
ated (corrected with body height) no statistically signifi-
cant difference was observed between the groups.
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# Different letters represent the statistically significant differences between the group means according to ANOVA (For all Leven’s F
statistics ps>0.05)
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# Different letters represent the statistically significant differences between the group means according to ANCOVA (For all Leven’s
F statistics ps>0.05)
When breadth and girth measurements were evalu-
ated after body height and weight had been controlled
(Table 3), no difference in the humerus and knee breath
was observed between the groups. Although basketball
players seem to have the widest biacromial breadth when
body height and breadth was controlled, biacromial bre-
adth was significantly lower for these athletes when com-
pared to American football and volleyball players. When
the absolute values for biiliac breadth were evaluated,
basketball and American football players were observed
to have higher values. When height and weight were con-
trolled however, biiliac breadth for American football
players was significantly wider when compared to other
groups. No statistically significant difference was found
between the other groups. Since arm and calf girth mea-
surements reflect the bone, muscle and fat mass of the
limbs, these two variables have also been evaluated in
the study. As illustrated in Table 4, American football
players have the highest arm and calf girth values. On
the other hand when body height and weight were con-
trolled, the above mentioned two variables were again
observed to be significantly higher for American football
players. No significant difference was observed in arm
girth between basketball and volleyball players. Simi-
larly there was no difference between football players
and sedentary students, but arm girth values were signif-
icantly higher for basketball and volleyball players when
compared to football players and students.
Descriptive statistics of skinfold values are shown in
Table 5. The highest total body fat values belong to
C. Pelin et al.: Anthropometry of Turkish Athletes, Coll. Antropol. 33 (2009) 4: 1057–1063
1060
TABLE 4
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# Different letters represent the statistically significant differences between the group means according to Kruskal-Wallis ANOVA
American football players (p<0.001) and these were fol-
lowed by non-athlete students. When the ratio of total fat
value of the limbs (biceps+triceps+calf skinfold thick-
ness) to total truncal fat, the non-athlete students were
observed to have significantly higher limb fat value when
compared with truncal fat, with a difference of (p<0.01)
from the sports groups.
Table 6 summarizes the descriptive statistics of the
somatotype components. In relation to endomorphy (the
component that indicates the total fat amount of the
body), significant differences were observed between the
groups (p<0.001). The highest endomorphy component
was in the American football group. This was followed by
the non-athlete students, and by the basketball, football
and volleyball groups, respectively. Although the differ-
ence between the volleyball and football groups was not
statistically significant, the endomorphy value for the
football players was higher than that of the volleyball
group.
When the mesomorphy component (the component
which relates to the total muscular and bone mass of the
body) was evaluated, the values were significantly higher
for American football players (p<0.001). High values
both for endomorphy and mesomorphy components re-
flect the large body structure of the American football
players. No difference was found between football, bas-
ketball and volleyball players with respect to mesomor-
phy. The mesomorphy value of the non-athlete students
was significantly lower when compared to those of the
sports groups (p<0.05).
As was expected, ectomorphy values of the American
football players were significantly lower than those of
the other groups (p<0.001). No significant difference
was found between the other groups; however the high-
est ectomorphy value belongs to volleyball players among
the sports groups in this study.
Discussion
In the present study the anthropometric characteris-
tics of the athletes have not been evaluated in relation to
their performance; but were instead compared with each
other. This study indicates the existence of differences
among the sports groups and the control group when ab-
solute values were evaluated. It is believed however, that
the evaluation of anthropometric characteristics (after
body height and weight have been controlled) provide
more reliable results in relation to the morphological
structure of the body.
In this study, American football players were sepa-
rated from the other athletes by their high body weight
BMI. Endomorphy and mesomorphy values of American
football players were also higher than those of the other
groups. In addition, American football players were char-
acteristic with their relatively wider biiliac breadth, and
higher arm and calf girth values. Basketball players on
the other hand were characteristic with their long stat-
ure, higher mesomorphy value, and longer lower limbs
when stature was controlled. Volleyball players were as
tall as basketball players, and similarly have long lower
limbs when stature was controlled. The volleyball play-
ers in this study were also as mesomorphic as basketball
players; however their body weight and BMI are lower
when compared to American football and basketball pla-
yers. Lower endomorphy values and relatively higher
ectomorphy values of the athletes playing volleyball re-
flect their lean body structure. The results of the present
study indicate that football players had a small struc-
ture. Their body height and BMI were lower than those
of the non-athlete subjects; however the mesomorphy
values of football players were higher and the endomor-
phy values were lower than the non-athlete students.
The non-athlete students differed significantly from the
other groups with their higher endomorphy values and
higher ratio of total fat amount with limb localization
over total truncal fat.
Comparative studies, representing the anthropome-
tric characteristics of athletes, are not common in east-
ern countries. In a study onMalaysian male athletes, rela-
tively long stature of basketball players had been repor-
ted when compared to other sport groups15. Similarly in
the present study the average heights of the basketball
and volleyball players were higher than those of the
other sports groups and the non-athlete students. Since
basketball and volleyball require handling the ball above
the head, body height is considered to be the most impor-
tant physical attribute. In the study on Malaysian male
athletes however, the stature had not been controlled,
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nor had the proportional values been evaluated. In addi-
tion to tall stature, leg length relative to body height is
also of importance for the basketball and volleyball play-
ers since being able to jump high is a requirement16. In a
study similar to this present study, Spurgeon et al.17 re-
ported higher lower limb length relative to body height
for basketball players. It is well known that this propor-
tionality characteristic is advantageous for all jumping
athletes18. This proportionality characteristic would be
mechanically advantageous for jumping, provided the
athlete can develop sufficient power in the extensor mus-
cles of the thighs, legs and feet.
In a study on Italian male volleyball players mean
somatotype values were 2.4, 4.5, 2.8, and they were re-
ported as balanced mesomorphs19. In the present study
the mean mesomorphy value for the volleyball players
was lower, but the endomorphy value was higher than
those of Italian athletes. Advantage of high ectomorphy
scores for volleyball players, especially for the center had
been reported in previous studies20. In the present study
volleyball players had the highest ectomorphy values
among other sports groups. It is well known that athletes
involved in sports where body size is a definite advan-
tage, such as volleyball and basketball, tend to have a
larger lean body mass index21. The high mesomorphy
values for volleyball and basketball players in the pres-
ent study partially reflect this fact, but their endomor-
phy values were also higher when compared with litera-
ture findings.
Physiological and anthropometric characteristics of
soccer players are mainly obtained from the athletes
originating from Western Europe and North America.
Studies on eastern athletes are limited. In a study on
Hong Kong’s elite soccer league, players’ body height and
weight had been observed as 173.4±4.6 cm and 67.7±5.0
kg respectively22. For Indonesian athletes the average
stature for football players was 166 cm, and body weight
was 58 kg3. In the present study these values were 173.5
cm and 79.4 kg respectively. Carter and Heath in their
studies on the athletes from Bratislava, Southern Aus-
tralia, Nigeria, Brazil, Cuba and Bolivia reported that
the stature was between 169–178 cm and body weight
was between 69–75 kg. Body weight of the football play-
ers in the present study was higher when compared with
the other athletes. Somatotype components of Indone-
sian soccer players3 were reported as 2.7, 4.9, and 3.0. In
another study on South American football players soma-
totype values were as follows23: 2.2, 5.4, 2.2. In the pres-
ent study the somatotype profile of the football players
was 2.94, 3.86, and 2.32. When compared with South
American and Indonesian athletes the mesomorphy com-
ponent was lower and the endomorphy component was
higher in Turkish football players.
In the sports like rugby or American football, to have
a bigger and heavier body is an advantage for the ath-
letes in gaining possession of the ball7. Besides a higher
BMI, higher arm and calf girth values were characteris-
tic for the American football players in the present study.
When the Turkish athletes were compared with the ones
from South America, Turkish players were observed to
be shorter and heavier; however the values were not sig-
nificantly different from one another. Somatotype pro-
files for South American athletes, on the other hand,
were 2.3, 5.9, and 1.5 while they were 4.5, 6.0, and 1.4 for
Turkish athletes. Though mesomorphy and ectomorphy
values were similar, endomorphy values for the Turkish
athletes were significantly higher.
Conclusion
In the descriptive studies on athletes to-date, body
structure had been determined based on absolute an-
thropometric values. In the present study body height
and weight were controlled by using one way analysis of
covariance (ANCOVA) in order to determine the morpho-
logical characteristic in a more reliable manner. The re-
sults of this study indicate that basketball and volleyball
players were characteristic with their longer lower limb
length relative to stature and American football players
were with their wider biiliac breadth and higher girth
values. The morphometric characteristics of football pla-
yers were similar to those of the non-athlete subjects. In
addition, when the body structures of Turkish athletes
were compared to those of others reported in the litera-
ture, it was observed that Turkish athletes had higher
endomorphy values while their mesomorphy values were
lower. It has been reported in most of the studies re-
viewed, that an increase in body fat negatively influences
athletic performance24-26. The high endomorphy values
in the Turkish athletes therefore, could be viewed as a
disadvantage in relation to their performance. Some au-
thors however, assert that body fat is not correlated with
performance27.
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ANTROPOMETRIJSKE KARAKTERISTIKE MLADIH TURSKIH SPORTA[A
S A @ E T A K
Komparativni izvje{taji o antropometrijskim karakteristikama sporta{a zasigurno su va`ni u modernom sportu i ve}
su du`e vrijeme istra`ivani od strane sportskih znanstvenika. No, istra`ivanja provedena na turskim sporta{ima su do
sada bila vrlo ograni~ena. U ovoj studiji prou~avane su fizi~ke karakteristike aktivnih sporta{a iz raznih sportova (ame-
ri~ki nogomet, ko{arka, odbojka i nogomet) i rezultati su uspore|ivani me|usobno te sa rezultatima nesporta{a. U
studiji su sudjelovala 153 mu{ka volontera. Svi sporta{i su punopravni ~lanovi timova raznih sveu~ili{nih liga i svi su
obavije{teni o ciljevima istra`ivanja i na~inu na koji }e se vr{iti antropometrijska mjerenja. Uz 17 antropometrijskih
vrijednosti, ra~unat je i indeks tjelesne mase te somatotipske komponente. Vrijednosti du`ine, {irine i opsega su pro-
cijenjene ANCOVA metodom, dok su visina i te`ina kori{tene kao kovarijantni faktori. Ostale varijable su izra~unate
ANOVA metodom. Rezultati ove studije pokazuju da su igra~i ko{arke i odbojke bili specifi~ni po svojim dugim donjim
ekstremitetima, igra~i ameri~kog nogometa po svojim {irim zdjelicama i vi{im vrijednostima opsega, a igra~i nogometa
po svojoj sitnijoj gra|i. Tako|er je utvr|eno da turski sporta{i imaju vi{e vrijednosti endomorfije i ni`e vrijednosti
mezomorfije u usporedbi sa sporta{ima iz drugim zemalja.
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